Neurosurg Focus 45 (6): E7, 2018 T rauma from war has been part of the human condition since the beginning of civilization. In historical conflicts, gunshot injuries were responsible for most of the damage. Currently, the improvised explosive device (IED) is the handmade weapon used to demoralize victims, even in the conflict in southern Thailand. As of 2018, this conflict has been ongoing in the southern border provinces for more than 10 years (https://en.wikipedia.org/ wiki/South_Thailand_insurgency; Fig. 1) . 8, 17 Blast injury has occurred most commonly during events such as strikes on military convoys, attacks with mines, and IEDs concealed in motorcycles. These handmade weapons cause unique patterns of injuries, especially brain injuries.
T rauma from war has been part of the human condition since the beginning of civilization. In historical conflicts, gunshot injuries were responsible for most of the damage. Currently, the improvised explosive device (IED) is the handmade weapon used to demoralize victims, even in the conflict in southern Thailand. As of 2018, this conflict has been ongoing in the southern border provinces for more than 10 years (https://en.wikipedia.org/ wiki/South_Thailand_insurgency; Fig. 1 ). 8, 17 Blast injury has occurred most commonly during events such as strikes on military convoys, attacks with mines, and IEDs concealed in motorcycles. These handmade weapons cause unique patterns of injuries, especially brain injuries. 4 The general mechanisms of blast-induced traumatic brain injury (bTBI) are an explosion that generates immediate blast energy and a wave that impacts the head, resulting in a primary blast injury. Secondary blast injuries are found in victims who are further away from the center of detonation, often sustaining injuries from penetrating flak. Victims can be thrown against a fixed object, causing acceleration-deceleration injuries. 3, 9 Because explosive injuries are found in particular situations, there are a few reports about common clinical characteristics of bTBI victims.
About 80% of IED-induced injuries are fatal, and the most commonly injured regions are the lower extremities (24.6%-28%), upper extremities (16%-24%), and head (2%-34%). About 88% of the fatal cases involve bTBI. 1, 26 The clinical details and management of bTBI in war situations have been reported. 1, 12, 26 However, our experience with civilian cases has revealed certain differences. Therefore, in this study, we aimed to explore the clinical infor-mation associated with such cases, including the clinical characteristics, intracranial injuries, treatment, and outcomes of bTBI, and to analyze the factors associated with clinical outcomes.
Methods
This study was a retrospective review of patient records from our institution's trauma registry. We reviewed the medical records of blast injury patients who had been admitted to Songklanagarind Hospital in the years 2009-2017. Data collected for analysis included demographics, intracranial injuries, other associated injuries, treatment, and outcomes. Additionally, patients were divided into three groups according to their initial Glasgow Coma Scale (GCS) score: mild TBI (GCS score 13-15), moderate TBI (GCS score 9-12), and severe TBI (GCS score [3] [4] [5] [6] [7] [8] .
Neuroimaging studies were reviewed to evaluate intracranial injuries. Following the definitions outlined by Rosenfeld and colleagues, we categorized the intracranial injuries as primary, secondary, and tertiary blast effects. 20, 21 Moreover, we also documented illustrative cases demonstrating the mechanisms of bTBI (Figs. 2-4) .
Anemia was defined as a hemoglobin level below 9 g/dl at admission, and hypoxia was defined as oxygen saturation < 92% or partial pressure of oxygen < 80 mm Hg. 15, 22, 23 According to Wu et al. and clinical practice at our institute, coagulopathy was defined as thrombocytopenia (platelet count < 100,000/μl) or elevated international normalized ratio > 1.2 or prolonged activated partial thromboplastin time > 40 seconds at admission. 30 Surgical treatments and outcomes were reviewed from computer-based medical records. Patients were divided into five groups according to their Glasgow Outcome Scale (GOS) at the time of hospital discharge: 1 (death), 2 (persistent vegetative state), 3 (severe disability), 4 (moderate disability), and 5 (good recovery).
10 Finally, the GOS scores were dichotomized into favorable (GOS scores 4 and 5) and unfavorable (GOS scores 1-3) categories. 2, 28 The study was performed with the approval of the Ethics Committee of the Faculty of Medicine, Songklanagarind Hospital, Prince of Songkla University.
Statistical Analysis
Patient characteristics, intracranial injuries, and treatments were analyzed using descriptive analysis and were presented as proportions or the means ± standard deviation. Binary logistic regression was used to analyze correlation and magnitude of associations between several factors and intracranial injuries. In the multivariable analysis, logistic regression was used to determine which variables were included in the model and stratification. We proposed
FIG. 1.
Map showing the southern conflict region, composed of three southern border provinces (gray) and four districts of the Songkhla province.
FIG. 3.
A 32-year-old military person with a secondary blast injury. Axial (A) and coronal (B) CT scans showed a bone fragment that penetrated into the deep parietal lobe.
FIG. 2.
A 29-year-old military person with a primary blast injury. A: Axial CT scan showed diffuse brain swelling with an obliterated basal cistern. B: Sagittal CT scan showed focal hemorrhages at the parasagittal white matter. C: Coronal CT scan showed microhemorrhage at the gray and white matter located in both parasagittal areas. Acute subdural hematoma along the left convexity was observed.
the odds ratio and 95% confidence interval of binary logistic regression analysis by forest plot. A p value < 0.05 was considered statistically significant. Statistical analyses were performed with the R program, version 3.4.1 (The R Foundation).
Results
In the study period between 2009 and 2017, 70 patients met the inclusion criteria. Table 1 shows the clinical characteristics of the study population. The mean age was 35 ± 10.8 years (range 19-61 years). More than 90% of the patients were male, and more than two-thirds were military personnel. Secondary brain injuries, especially hypotension and hypoxia, accounted for 21.4% and 4.3% of all injuries, respectively. Among the victims, 67.1% had a mild TBI and 22.9% had a severe TBI.
Almost two-thirds (65.7%) of imaging studies revealed significant intracranial injuries. The overall injury characteristics are shown in Table 2 . The most common findings were coup contusion (63.0%), subarachnoid hemorrhage (54.3%), and subdural hematoma (47.8%). According to the definitions of Rosenfeld and colleagues, 20 ,21 the most common mechanism was primary blast injury (48.6%), while secondary blast injury was found in 37.1% of patients.
The mean Injury Severity Score was 24.6 ± 11.4, and more than two-thirds of the Abbreviated Injury Scale scores for the head were severe injury. The most common associated injuries were orbit (28.6%), lower extremities (24.3%), and upper extremities (22.9%). Anemia and coagulopathy were observed on admission in about 18.6% and 15.7% of patients, respectively. Blood loss injuries significantly associated with anemia were basilar skull fracture, coup contusion, and upper and lower extremity trauma, whereas injuries associated with coagulopathy were basilar skull fracture, coup contusion, subarachnoid hemorrhage, and retroperitoneal hematoma (p < 0.05, chisquare test). Table 3 shows the treatments and outcomes in this study. Surgical treatment was used in all severity levels of TBI, with the depressed skull fracture and coup contusion significantly related to surgical treatment (p < 0.05, chi-square test). The overall mortality rate was 11.4%, and almost a quarter (24.3%) of the patients had an unfavorable outcome. Surgical site infection occurred in 5.7% of the patients and was significantly associated with an externally exposed scalp wound and retained foreign body in penetrating injuries.
Binary logistic regression was used to analyze factors predicting outcome. Glasgow Outcome Scale scores were dichotomized into favorable and unfavorable categories for binary analysis. In the univariate analysis, the significant factors were preoperative coagulopathy, midline shift ≥ 5 mm, basal cistern effacement, moderate to severe TBI, hypotension, fixed and dilated pupils, surgical site infection, hematocrit < 30% on admission, coup contusion, and subdural hematoma. In the multivariable analysis, the only factors associated with an unfavorable outcome were midline shift ≥ 5 mm (OR 29.1, 95% CI 2.5-328.1) and coagulopathy (OR 28.7, 95% CI 4.5-180.3). Figure 5 shows the odds ratios of factors as a forest plot. 
Discussion
Explosive injuries occur in specific conditions such as war, terrorist events, or conflicts. Injuries from IEDs in the conflict in southern Thailand have been common in recent years because of the insurgency. 3 In the present study, we found that bTBIs are serious and unique events. Mortality and morbidity in our study were lower than those reported in previous papers 1,9,20,31 because the fatal events were the result of a civilian conflict in which victims injured by an explosion were transferred to nearby hospitals where medical devices and medications were suitable for initial evaluation and resuscitation. Moreover, we found that the factors associated with a poor outcome after treatment included subfalcine herniation > 5 mm and coagulopathy on admission. Various other studies have found that midline shift of the brain and basal cistern effacement are related to increased intracranial pressure and a worse prognosis. 2, 9, 19 We also found that patients with bTBI had a poor outcome when their injuries included midline shift of the brain and/or basal cistern effacement.
5,13,16
In our experience, patients injured by blast waves frequently develop diffuse brain swelling and clinical brain herniation. Moreover, extracranial injuries cause hemorrhagic shock and hypoxia that precipitate more brain swelling and herniation. Damage control neurosurgery (DCNS) is urgent neurosurgery performed to treat malignant brain edema or large intracranial hematomas in a remote, rural, or military situation. 14, 18, 27, 29 It includes rapid surgery to stop major bleeding, evacuate hematomas, decompress brains with extensive craniectomy, and obtain watertight dural closures. 7, 19, 20 In the combat field, DCNS can be immediately performed by a general physician to improve survival in patients with GCS score 3-8 and positive signs of herniation after resuscitation; however, surgical outcome data remain limited. Few published papers have focused on the clinical outcomes of bTBI.
12
In the differential situation, victims injured from an explosion in civilian cases were transferred from the event field to the nearest hospitals. Patients were resuscitated, and visualized sources of bleeding were immediately secured. Patients who suffered serious injuries were transferred to provincial hospitals, which have a surgeon and neurosurgeon. The bTBI patients underwent neuroimaging at provincial hospitals, and if clinical signs of brain herniation were observed, DCNS was performed in order to save the patient's life. Then, when their vital signs were stable, patients were transferred to our hospital via helicopter or ambulance. For example, the patient whose neuroimages appear in Fig. 3 sustained a secondary blast injury, had a scalp laceration, and had a compound skull fracture on brain CT performed at the provincial hospital. Initially, he underwent debridement and craniectomy by the neurosurgeon at the provincial hospital. Then, he was transferred to our hospital via ambulance to have the bone fragment removed. In the mass casualty situation, bTBI patients did not need a life-saving operation, and they were transferred directly to our hospital via helicopter (Fig. 4) .
Coagulopathy is a frequent event in traumatic injury due to blood loss. The guideline for field management of combat-related head trauma is the application of early detection and prevention of coagulopathy and hypotension in bTBI. 12 In our experience, intraabdominal injury and basilar skull fracture were common sources of bleeding that should be concerning. Bleeding from a basilar skull fracture influxed massively into the oropharynx, whereas intraabdominal bleeding will accumulate in the peritoneal cavity. The prevalence of coagulopathy is significantly higher in patients with TBI and is associated with a poor clinical outcome. 6, 11, 24, 25 After injuries, various molecules and pathways such as platelet-activating factors, tissue factors, microparticles, and brain phospholipids are activated, causing a hypocoagulable state. 31 Also, coagulopathy should be reversed immediately with the transfusion of blood products such as fresh frozen plasma, platelets, and cryoprecipitate to improve clinical outcome.
The present study may be limited by the size of the sample, which resulted in a wide confidence interval. This paper presents initial research on the clinical outcomes of patients with bTBI and the analysis of factors predicting outcome according to our knowledge. Additional multivariable analyses were used to control confounding factors arising from limitations of our research methodology.
Conclusions
Blast injury causes TBI ranging from mild to severe. Midline shift and coagulopathy are treatable factors associated with an unfavorable outcome. Hence, reversing an abnormal coagulogram is required immediately to improve outcomes, but the management of brain shift needs further study.
